Introduction
shows a list of the 23 CMIP5 models used in this study. All 23 models that have published monthly-mean precipitation (P ), evaporation (E), surface-air temperature (T s ), surface-air specific humidity (q s ), horizontal wind (u), specific humidity (q), and vertical pressure velocity (ω) are considered Fig. S1 shows the zonal-mean P − E change, its approximation by the simple thermodynamic scaling (Eq. 1 in the main text), and the extent to which the thermodynamic 1 Geological Institute, ETH Zürich, Zürich, Switzerland 2 California Institute of Technology, Pasadena, California, USA scaling is modified by considering seasonal correlations between moisture changes and P − E. Fig. S2 shows the extent to which δRMS mthermo can be estimated from the climatological stationary-eddy contribution to P * − E * and the fractional change in surface specific humidity, where ∆ thermo is replaced by
in Eq. (17) of the main text. select CMIP5 models. This shows raw monthly-mean data, downloaded directly from the Earth System Grid. Some models (e.g., CNRM-CM5, MRI-CGCM3, etc.) have unrealistic grid-scale noise in ω 850 . Given the importance of ω 850 in the hydrological cycle, as outlined in this study, some effort needs to be taken to improve the vertical velocity output from CMIP5 models. δ(P − E) simple themodynamic including seasonal correlations Figure S1 . Zonal-mean P − E change and a simple thermodynamic scaling (dashed line, Eq.
1 in the main text). If seasonal correlations between moisture changes and P − E are included (dash-dotted line), the scaling significantly overestimates the change in high northern latitudes, due to strong polar amplification in winter. Figure S6 . Raw unsmoothed 30-year average ω 850 for the PAST (1976 PAST ( -2005 climate from selected CMIP5 models. The grid-scale noise evident in these fields is the motivation for the smoothing used in computing fields throughout this paper.
